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Abstract: 
A series of simulations has been conducted for the tidal processes in Seto Inland Sea, Japan. 
The tidal flow distribution in Seto Inland Sea is extremely complex because of its many islands, 
narrow straits, and water depth distribution. A numerical model, COHERENS, was used for 
these analyses by imposing open boundary conditions with several tidal components. 
 
 
1. Introduction 
 
The Inland Sea of Japan, also known as the Seto Inland Sea, is connected to the Pacific Ocean 
by the Bungo (west) and Kii (east) channels on each side of Shikoku Island, which is 550 km 
long, roughly longitudinally, with width of 20–60 km, averaging 40 km. 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1 Seto Inland Sea area of Japan. 
 
Japan has been struck by big earthquakes throughout its history. It is expected to be struck again 
in the future, with tsunamis possibly following such earthquakes. Therefore, it is important to 
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carry out measures against tsunamis. Although the tidal flow behavior is important as basic data 
for tsunami propagation, tidal flow is extremely complex in the Seto Inland Sea. Detailed 
observations are rather difficult. For these reasons, the objective of our research is to provide 
reliable data to construct effective measures against tsunamis. To compute the tide level and 
tidal flow for this study, the Coupled Hydrodynamical Ecological model for Regional and Shelf 
Seas (COHERENS) was used. 
 
 
 
 
 
 
 
 
 
Photo 1 View of Islands in Seto Inland Sea. 
 
2. COHERENS 
 
COHERENS [1,2] is a three-dimensional multi-purpose numerical model designed for 
application in coastal and shelf seas, lakes, and so on. Developed by research institutions of the 
EU, COHERENS is well-documented and equipped with numerous options, which define 
various boundary/initial conditions, physical parameter settings, etc. 
 
3. Calculation condition 
 
3.1 Calculation area 
The calculation area is shown in Figs. 2 and 3. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2 Whole area of the Seto Inland Sea (black square shows calculation area.) 
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3.2 Mesh data 
Water depth data provided by the Japan Oceanographic Data Center (JODC) [3] is used for 
constructing mesh data. The number of grid points and the mesh sizes in the calculation area are 
presented in Table 1. 
 
Table 1 Number of grids and the mesh size 
 
 
 
 
 
 
 
Fig. 4  Water depth distribution in the Seto Inland Sea. 
 
3.3 Simulation period 
For comparison with the observed values, the simulation period was set between February 6 and 
February 8, 2012. 
Number of horizontal grids 330 × 120 
Horizontal resolution 1.0 km × 1.0 km 
Number of vertical grids 5 
Fig. 3 Calculation area. 
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3.4 Initial and boundary conditions 
In its initial condition, the seawater is assumed to be at rest with the same 
tidal height everywhere. As open boundary conditions, M2, S2, K1, and O1 tidal 
components are used. Open boundaries in our setting are presented in Fig. 5. 
 
 
 
 
 
 
 
 
 
 
 
 
 
3.5 Parameter settings in COHERENS 
Some parameter settings used in COHERENS are shown in Table 2. 
 
Table 2 COHERENS settings 
parameter value description 
iopt_adv_2D 3 Type of scheme for advection of 2-D transport 
iopt_adv_3D 3 Type of scheme for advection of 3-D currents 
iopt_petsc_precond 7 Type of preconditioner used by PETSc 
ic3d 10 Number of 2-D time steps in one 3-D time step 
ityp2dobu 12 Type of open boundary condition at U-node 
ityp2dobv 12 Type of open boundary condition at V-node 
iloczobu 2 Position of specified elevation at the U-node open 
boundary 
iloczobv 2 Position of specified elevation at the V-node open 
boundary 
 
 
4. Results 
 
4.1 Tide level and tidal flow in the Seto Inland Sea 
Tide level and tidal flow results are shown in Figs. 6 and 7. 
Fig. 5  Open boundaries in the calculation area (red lines show the open boundaries). 
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In these figures, red and blue colors respectively show tide levels. Red shows the highest tide 
level at a certain time. Blue shows the lowest tide level at that time. Black triangles show the 
direction of tidal flow. An important characteristic of the tide level in Seto Inland Sea is that the 
tidal phase is opposite between the central part and both channels east and west. This 
characteristic is reproduced successfully in these computational results. 
 
4.2 Characteristics of tidal flow in the Seto Inland Sea 
Figures 8 and 9 present typical flows observed in some locations. In Figure 8, a tidal flow 
around a peninsula is accelerated. In Figure 9, flow acceleration is apparent in narrow straits. 
Actual locations of areas A and B are presented in Figure 10. 
 
 
 
Fig. 6  Tidal flow and tide level on February 8, 2012 at 13:00. 
Fig. 7  Tidal flow and tide level on February 8, 2012 at 19:00.   
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Fig. 10  Places with strong tidal flow occurs. 
Fig. 8  Zoomed up view of the area A. 
0m/s 1.5 m/s 
Fig. 9  Zoomed up view of the area B. 
 
0m/s 1.5 m/s 
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4.3 Comparison of tide levels 
 
 
 
 
 
 
 
 
 
 
We compare the tide level history obtained by simulation with the observation data tabulated in 
[4] at three locations presented in Fig. 11. Results are presented in Figs. 12–14, where the 
vertical axis shows the tide level (cm) and horizontal axis shows time (hour). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
WAKAYAMA 
UNO 
MATSUYAMA 
Fig. 11  Three comparison locations. 
Fig. 12  Comparison between observation and computed results in WAKAYAMA. 
Fig. 13  Comparison between observation and computed results in UNO. 
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The comparison reveals fairly good agreement between computational results and observed data. 
Furthermore, the opposite phase phenomenon in tide levels is well reproduced. 
 
5. Conclusion and Future works 
 
Through this research, COHERENS was applied to analyses of tidal flows in the Seto Inland 
Sea. Our next important step is to apply finer mesh data and more numerous tidal components 
as boundary conditions, which is expected to produce more accurate and reliable data to support 
the total understanding of tidal mechanisms in the Seto Inland Sea. 
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Fig. 14  Comparison between observation and computed results in MATSUYAMA. 
- 100 -
